SUMMARY The algorithms used in this hospital to assess calcium status are calculated ionised serum calcium and the serum calcium concentration adjusted for albumin. In order to establish their clinical usefulness, they were compared with the ionised calcium concentration measured on the Nova 2 instrument in patients with various calcium and protein abnormalities. Good correlation was found between the measured and calculated values. The predictive values for the calculated results and for total serum calcium concentrations are presented. In this series, the derived values were useful in predicting the serum ionised calcium concentration of the patients studied.
Diseases ofpatients this hospital, total protein and albumin are measured routinely on all specimens for which Ca to t is requested. Subjects were selected with Ca tot and protein results within our age and sex related reference ranges'" as well as those having a great variety of abnormalities in serum Ca to t and protein levels as shown in Table 1 . Table 2 Two algorithms have been used for some years in this hospital, one which adjusts the total calcium concentration for albumin and the other which allows calculation of the ionised calcium level. This study was designed to compare results obtained by these methods with ionised calcium measured on the Nova 2. There were 122 results from 107 patients. There was good correlation between Ca meas and Ca ca1c and between Ca meas and Caadj (Figs 1 and 2 ). The mean difference between Ca meas and Cacalcwas -0·006 ± 0'082 mrnol/l (mean ± SD). To compare Cameas into plain vacuum tubes, allowed to clot at room temperature for 2 hours, and then centrifuged. Serum was sampled directly from the vacuum tube into the Nova 2 analyser, and ionised calcium concentration was measured in triplicate. The same calcium-selective and reference electrodes were used throughout the study. The remaining serum was separated and analysed for Ca lot (cresolphthalein complexone), phosphate, total protein (Biuret), and albumin (bromcresol green) in a four-channel Technicon AAII analyser. Globulin concentrations were calculated by difference.
Calculated ionised calcium levels (Cacalc) were derived from a solution of the equation of Hodgkinson and Knowles.P:
Calculations were made using the K values for pH 7·40. Calcium concentration for albumin (Caadi) was calculated from the equation Caadj = Ca tot + (47-albumin (gIl» x 0'019, which was derived in this hospital.P Predictive values of Cameas, Caadj, and Ca tot were determined according to Galen and Gambino.l" These authors define their predictive values as shown in Table 3 .
The predictive values are based on reference ranges established in this hospital on nearly 4000 patients and derived by non-parametric methods using the central 95 %of values.'! IS Commercial quality control serum was run with each batch of Ca tot, total protein, and albumin analyses. Ca meas was controlled with serum prepared as described by Fyffe et al. 1 7 Between-batch coefficients of variation were less than 4 % for Ca meas, less than 2· 5 % for albumin, and less than 2 % for Ca tot and total protein. Assuming that Cameas represents the true condition in the patient, the predictive values of Ca calc, Caadi, and Catot in the detection of hypercalcaemia and hypocalcaemia are shown in Tables 4 and 5 .
Caca1c confirms hypocalcaemia if low and excludes hypocalcaemia if normal, but fails to detect a proportion of hypercalcaemic patients. High Cacalc results include a number of false positives.
The predictive value of Caadi is somewhat less than that of Cacalc, but a normal result can exclude hypocalcaemia in a majority of cases.
As is to be expected, Catot is much less efficient than the derived values but a normal result excludes hypocalcaemia. A low result is of little value. Tables 6 and 7 show predictive values for patients with albumin concentration less than 30 gjlitre. Gardner, Dryburgh, Fyffe, and Jenkins Derived values-and particularly Cacalc-are very useful in confirming normality (negative prediction) and hypercalcaemia and can exclude hypocalcaemia.
In patients with grossly abnormal Catot (outwith the range 1·60-2·75 mmoljl) Ca ca1c, Caadi, and Ca tot were all true positive.
Discussion
Ladenson et ai.,7 using an Orion Model 99-20 for Ca meas and 13 published algorithms, concluded that no algorithm adequately predicted the calcium status of their patients. The correlation coefficients presented here are much higher than those of Ladenson et al., and the mean differences between Cameas and Cacalc and between Cameas and Capred are much smaller, perhaps reflecting the greater stability of the Nova 2 instrument compared with earlier models.
From a practical point of view, it is important to assess the power of the derived values in assigning patients to normal and abnormal groups. It will be seen ( Tables 4 and 5 ) that the predictive power of Caca1c and Caadi is less satisfactory. Problems of interpretation arise when using predictive values in this way. References ranges have rigid 'cut-off' points, and the difference between a 'false' and a 'true' result may be as small as 0·01 mmol/l. This exaggerates discrepancies between results. It could also be argued that the predictive power can legitimately be improved by widening the limits of the reference ranges to include 99 %rather than 95 % limits since calculation of derived results may compound random laboratory error.
The practice of adjusting calcium for protein was introduced mainly to solve the problem of 'false low' Ca tot results in patients with hypoalbuminaemia. Hypoalbuminaemia is a common finding in hospital patients. The derived values are very efficient in confirming a normal or high result and excluding a low abnormal, when the serum albumin concentration is 30 gil or less. In patients with grossly abnormal calcium levels, measurement of Ca tot is sufficient for diagnosis although the derived values are useful in following progress when serum protein levels may alter with treatment.
In the remaining patients (that is, those without gross abnormalities of Ca lOI and/or albumin) we found that 9 % of the results were false positive and 13 % false negative. These could not be related to any disease group. In contrast to Conceicao et al., 8 who found 69-76% of false negative results in patients with renal disease, the incidence of false negatives in our patients with renal disease was much smaller (11 %) for both Ca ca1c and Caadi.
In this small series we were unable to identify any disease or group of diseases in which measurement, as opposed to calculation, could be shown to be necessary.
We are aware that, in this study, we have few myeloma patients and none with the nephrotic syndrome, and that abnormalities of protein binding of calcium which could invalidate the derived values have been reported'" 19 in these conditions. Again we have no patients with severe acidosis or alkalosis.
The good correlations between measured and derived values together with their small mean deviations lead us to suggest that a carefully constructed and verified algorithm can be useful to clinicians in predicting the calcium status of a patient, until measurement of ionised calcium is more readily available.
